We examine whether early-type galaxies in clusters may have evolved from later types by the fading of their disks (e.g., as a result of ram-pressure stripping or strangulation) or by enhancement of the bulge luminosity (e.g., due to tidal interactions and mergers). For this purpose, we compare the bulge and disk luminosities of early-and late-type galaxies and of galaxies at different radial distances from the cluster center. We find that, in order for early-type galaxies, including S0s, to have evolved from late-type galaxies, their bulge luminosities must have been physically enhanced. Disk fading models cannot explain the differences observed. We then show that galaxy bulges are systematically brighter at small projected distances from the cluster center, while disk luminosities are uncorrelated with cluster-centric distance. Our results suggest that bulge enhancement, not disk fading, distinguishes early from late types and is thus at least partially responsible for the morphology-environment relation of bright cluster galaxies.
INTRODUCTION
Galaxies have a wide range of morphologies, and the mechanisms that are responsible for generating this diversity are not completely understood. Elliptical galaxies may be the result of major mergers (Barnes & Hernquist 1992) . Spirals may represent a more pristine population undisturbed by major disruptive events. The origin of intermediate typesparticularly S0s -has been the subject of much debate.
One proposed scenario to explain the apparent increase in the fraction of S0s in rich clusters over time (Dressler et al. 1996) is that, as spirals enter dense environments, their reservoirs of neutral gas are cut off either by disrupting further accretion (i.e., by strangulation; Larson, Tinsley & Caldwell 1980; Balogh, Navarro & Morris 2000; Bekki, Couch & Shioya 2002) , or by removing gas directly from the disk (i.e., via ram-pressure stripping; Gunn & Gott 1972) . Star formation in the disk would then cease, and the disk would evolve passively and fade as high-mass stars die. Studies of clusters at higher redshift (Couch et al. 1998; Dressler et al. 1999; Poggianti et al. 1999) have uncovered a population of recently star forming (∼ 1-2 Gyr earlier), but now quiescent, galaxies with normal disk morphologies that those authors cite as possible examples of systems whose star formation was disrupted as described above.
Another possibility is that galaxy-galaxy interactions, including close tidal encounters and mergers, increase the luminosity of the bulge component by heating the central parts of the disk or triggering star formation in the center (Barnes 1999; Bekki 1998; Mihos & Hernquist 1994 ). Extensive observations demonstrate that such interactions do increase central star formation rates (Lonsdale, Persson & Matthews 1984; Kennicutt et al. 1987; Liu & Kennicutt 1995) and can produce bulge-enhanced merger remnants (Yang et al. 2004) . These interactions are likely in clusters with substructure (i.e., poor groups accreted from the field), where the relative speeds and internal velocity dispersions of subcluster members are similar.
Both scenarios increase the bulge fraction, B/T , the fraction of the total luminosity of a galaxy associated with the bulge. The first scenario increases B/T by reducing the luminosity contribution from the disk. The second scenario increases B/T by increasing the luminosity of the bulge. Could either mechanism be responsible for generating the morphological sequence in clusters?
Past observational work has attempted to address this question by comparing bulge fractions or bulge luminosities to Hubble type and/or environment (Dressler 1980; Boroson 1981; Simien & de Vaucouleurs 1986; Solanes, Salvador-Solé & Sanromà 1989) , with often conflicting conclusions. Dressler (1980) finds that the bulges of S0s are more luminous than those of spirals, and that their luminosity is increased in denser environments. In contrast, Solanes, Salvador-Solé & Sanromà (1989) , working from the same sample, argue that disk luminosities are decreased in dense environments. Boroson (1981) finds bulge fractions of S0s to be similar to those of spirals above a certain B/T , while Simien & de Vaucouleurs (1986) find S0s to have systematically larger bulge fractions.
Several problems affect these studies: 1) While Dressler (1980) and Solanes, SalvadorSolé & Sanromà (1989) consider a large, apparent magnitude-limited sample of cluster galax-ies, they are not able to spectroscopically confirm cluster members and must resort to statistical background subtraction. Valotto, Moore & Lambas (2001) have pointed out that background subtraction can fail in optically selected cluster samples, because cluster selection is biased towards clusters with higher-than-average background contamination. As a consequence, artificial correlations between environment and galaxy morphology could arise from interloping galaxies, especially at large projected radii from the cluster center, if the background subtraction is not perfect. 2) Hubble types are generally used as morphological quantifiers, a measure that is subjective and not easily reproducible.
3) The bulge-disk decompositions in Dressler (1980) (also used by Solanes et al.) are done visually and affected by larger uncertainties than achievable with the best automated mechanisms and digital imaging. Purely visual analysis techniques may also fail to resolve some bulges and disks, leading to incompletenesses that are difficult to quantify. 4) None of the studies above quantify how their morphological classifications may be influenced by the bulge fraction. This bias, whether conscious or otherwise, may dramatically affect the interpretation of those results, because it could introduce intrinsic correlations between bulge and disk luminosities and morphological type. 5) The impact of bulge enhancement and disk fading is on the luminosity distributions of the bulge and disk components, and the luminosity functions of bulges and disks are thus the best discriminators between the two evolutionary hypotheses outlined above, but only Solanes, Salvador-Solé & Sanromà (1989) determine a luminosity function. This determination is semi-empirical and not calculated directly from the observed luminosity distribution of bulges. More recently, Benson, Frenk & Sharples (2002) have calculated bulge and disk luminosity functions directly, but their sample is too small to hold any discriminatory power over the evolutionary mechanisms described above.
In this paper, we compare the luminosity functions for bulges and disks, calculated directly from a sample of several hundred spectroscopically-confirmed cluster galaxies (Christlein & Zabludoff 2003) to determine whether early type galaxies could have evolved from late type galaxies by disk fading alone. We use the bulge fraction, B/T , rather than Hubble type, as a quantitative, reproducible measure of morphology, which enables us to account for any bias that could introduce intrinsic correlations between bulge luminosity and morphology. By examining bulge and disk luminosities as a function of projected radial distance from the cluster center, we test whether the morphology-environment relation (Dressler 1980) could have been generated principally by bulge-enhancing or disk-diminishing effects.
THE DATA
Our sample consists of cluster galaxies from a spectroscopic and R-band imaging survey of six nearby clusters (A85, A496, A754, A1060, A1631, A3266). The spectroscopic survey ensures that contamination of the sample by background field galaxies is minimized. Table  1 lists the kinematic properties of these six clusters for H 0 = 71 km s −1 Mpc −1 , Ω m = 0.3 and Ω Λ = 0.7, as applied throughout this paper. For details regarding the survey and data reduction, see Christlein & Zabludoff (2003) .
BULGE-DISK DECOMPOSITION
We use the GIM2D software (Simard et al. 2002) to perform a two-dimensional decomposition of the galaxy images into a bulge component, described by a de Vaucouleurs surface brightness profile (de Vaucouleurs 1948) , and a disk component with an exponential surface brightness profile. Prior to the fit, we transform all galaxy images to a fiducial rest frame cz = 17858 km/s (corresponding to mean the velocity of the most distant cluster, A3266) by fading the surface brightnesses by (z cosmological + 1) −2 (z total + 1) −2 , smearing the images to achieve a consistent FWHM of 2 arcsec, and rebinning their pixels with the new angular diameter distance to achieve the same physical resolution per pixel. This approach ensures that determinations of B/T are internally consistent among the clusters, which span a mean velocity range from 3682 to 17858 km/s. The final catalog contains bulge-disk decompositions of 1637 galaxies (1304 of them for galaxies with M R ≤ −19.25). The full catalog, including B/T values, appears in a subsequent paper (Christlein & Zabludoff 2004, in prep.) . Fig. 1 shows the distribution of B/T for galaxies that are identified in the NASA Extragalactic Database (NED) as S, S0, or E, as well as the B/T distribution for all sample galaxies with and without literature classifications. Because of the inhomogeneity of the literature sources, this figure should only be regarded as an approximate orientation. The distribution of B/T in our sample is roughly comparable to those of other studies such as Tran et al. (2001) , although we find a lower fraction of extreme late-type galaxies (B/T < 0.1) and a higher fraction of intermediate-type galaxies (B/T ≈ 0.3, typical of early-type spirals) than their sample, which consists only of field and group galaxies. Spirals are mostly confined to small B/T . There are very few pure bulge systems in our sample, and we find significant disk components even in galaxies classified as ellipticals (c.f., Rix & White 1990) . Such lowsurface brightness features are typically more difficult to identify on photographic plates, which may explain why such systems have been classified as ellipticals. The fact that our classifications are in good agreement with galaxies typed as spirals in the literature supports this hypothesis. Fig. 1 .-Distribution of measured B/T for galaxies identified in the NASA Extragalactic Database (NED) as spirals (S), S0s, and ellipticals (E) in units such that the area under each curve is unity. The bold, unshaded histogram shows the B/T distribution for all galaxies in the sample, regardless of whether Hubble types are available for them in NED (scaled by a factor of 3.5 for better legibility). For display purposes, the histograms have been slightly displaced along the B/T axis. Spirals have low B/T , with a median B/T < 0.2. S0s and Es have very broad distributions with medians B/T ≈ 0.45 and B/T ≈ 0.6, respectively. Many galaxies identified in the literature as ellipticals have significant disk components.
To test our quantitative morphological classifications, we visually examine all literatureclassified "ellipticals" with the lowest B/T values (B/T < 0.4). For the five most luminous among them, the reason for the low B/T is usually apparent (brightest cluster galaxies with extended envelopes or interacting systems with extended features that could be disks or tidal debris). Although these "disk" features may be of a different nature than normal spiral disks, they are reproduced well by GIM2D, and so we do not discard them in order to avoid introducing subjective selection criteria. Most low-B/T "ellipticals" are fainter (M R > −21), and GIM2D also fits these systems very well. Attempts to fit these systems with pure bulge models typically result in an increase both in the reduced χ 2 ν and in the fraction of residual light after the model has been subtracted. Overall, B/T is well correlated with Hubble type for our sample (the Spearman rank correlation coefficient is r = 0.57 at 12σ deviation from the no-correlation hypothesis) and therefore suitable for our analysis.
CALCULATING THE BULGE AND DISK LUMINOSITY FUNCTIONS
To calculate the distribution functions of bulge and disk luminosities, we need to consider not only bulge and disk luminosities, but also total luminosity and surface brightness, because these quantities determine the completeness of the spectroscopic and morphological catalogs. This multi-variate problem is best solved with the Discrete Maximum Likelihood (DML) algorithm (Christlein, McIntosh & Zabludoff 2004 ), which does not require any prior assumptions regarding the analytical form or dimensionality of the galaxy distribution function. This algorithm calculates statistical weighting factors that incorporate the completeness corrections and volume corrections for each galaxy. These corrections account statistically for the fact that the spectroscopic and morphological catalogs are not complete and that a galaxy of a given absolute magnitude may be observable in some, but not all, of the clusters in our sample.
The spectroscopic catalog is the major source of incompleteness; depending on the surface brightness and cluster, the completeness of the catalog for m R = 18 galaxies is in the range ∼ 0.25 to ∼ 0.5. The morphological catalog is mostly complete; the fraction of galaxies in the spectroscopic catalog that have bulge-disk decompositions is never smaller than ∼ 85% for any m R < 18.
We use the weighting factors calculated by the DML to reconstruct the bulge and disk luminosity functions (LFs, §5.1) and to calculate correlation coefficients for the bulge and disk luminosity-environment relations ( §5.2). Even for the faintest galaxies that we analyze in this paper (M R = −19.25), the final weighting factor (incorporating completeness and volume corrections as determined by the maximum likelihood method) is never larger than ∼ 2.5×.
We propagate uncertainties in B/T into the final bulge and disk luminosity functions with a Monte Carlo algorithm. For each of 100 realizations, the algorithm draws a value of B/T from the uncertainty interval for each galaxy. We then determine the mean and scatter of the value of the luminosity function in each magnitude bin due to these B/T uncertainties and add the scatter in quadrature to the Poisson errors. This is a conservative procedure, because the B/T uncertainty intervals are given at the 99% confidence level by GIM2D, and because errors in different magnitude bins due to B/T uncertainties are really correlated for any given realization (i.e., if a galaxy is presumed to be in one bin for a given choice of B/T , it cannot lie in any other bin).
RESULTS AND DISCUSSION

Bulge-and Disk Luminosity as a Function of Morphology
To isolate the mechanism by which early-type galaxies may evolve from late types, we compare the bulge and disk luminosities of galaxies with different morphologies. We split the sample into six independent subsamples, selected by B/T . Table 2 shows the B/T intervals for each sample, the median B/T , and the number of galaxies in each bin. The next three columns show the percentages of all S, S0, and E-type galaxies that fall into each bin, based on literature classifications from NED. Because of the inhomogeneity of the literature sources and the problems discussed earlier that are associated with classifications based on photographic plates, these percentages should only be taken as a rough calibration of the distribution of galaxies in B/T . Our analysis does not extend to deep magnitudes: in all cases, M R < −19.25, the absolute magnitude limit of the spectroscopic and morphological catalogs for the most distant cluster, A3266. We therefore focus our work on the bright end of the luminosity function and characterize it by fitting Schechter functions (Schechter 1976) to the bulge and disk luminosity functions in each subsample. We impose the constraint that the faint end slope is flat (α = −1). By fixing α at a constant value, the Schechter parameter M * becomes a direct measure of the characteristic magnitude of the bright end exponential cutoff. We refer to the M * R obtained with this slope constraint as M * R (α = −1). Figs. 2 and 3 show all twelve LFs (six bulge LFs and six disk LFs) and the Schechter fits with α = −1. With the exception of the disk LF for 0.5 ≤ B/T < 0.7, all fits are consistent with the LFs within 2σ. Fig. 2 shows that the bright ends of the disk LFs are similar, except for the earliest type galaxies (B/T ≤ 0.7), whose LF is considerably fainter. Note. -# is the number of sampled galaxies per cluster. cz is the mean velocity, ∆m the distance modulus (for H 0 = 71 km s −1 Mpc −1 ). "cz range" is the velocity range spanned by cluster members, σ is the line-of-sight velocity dispersion, and r sampling is the physical radius sampled. In contrast to the disk LFs, the bright ends of the bulge LFs (Fig. 3 ) spread out over ∼ 2 magnitudes from the latest-to the earliest-type subsample.
The last two columns of Table 2 list the values of M * R (α = −1) for bulges and disks in all six subsamples, and Fig. 4 shows this information as a function of B/T .
In Fig. 4 , M * bulge (α = −1) is negatively correlated with B/T over a wide range of B/T . M * disk (α = −1) shows a weaker, but also negative, correlation with morphology. Note that the two slopes are not statistically independent, because, for any given B/T , M bulge −M disk is fixed. Therefore, the only free parameter that places constraints on the evolution mechanisms of these galaxies is the absolute value of either slope.
Plotting a quantity M * disk (α = −1) or M * bulge (α = −1) that is explicitly dependent on B/T versus B/T introduces a bias, which we refer to as the "B/T bias". In selecting high-B/T galaxies to determine M * bulge (α = −1), we are typically selecting galaxies with brighter bulges, but also galaxies with fainter disks, which creates an intrinsic correlation between B/T and the luminosities of bulges and disks at a given B/T . This effect depends on parameters such as the bin size and the sample's B/T distribution, and cannot be quantified analytically. To account for this bias and determine if the trends in Fig. 4 favor disk fading or bulge enhancement, we use a Monte Carlo analysis to calculate the range of expected slopes of the M * bulge (α = −1)-B/T and M * disk (α = −1)-B/T relations under the following null hypotheses: 1) B/T bias is solely responsible for the observed trends; 2) disk fading occurs in addition to the effects of B/T bias; 3) bulge enhancement operates in addition to the bias. We construct the Monte Carlo samples for these null hypotheses in the following ways:
(a) "B/T Bias": Can B/T bias alone explain the observed trends? In this case, the observed trends in M * disk and M * bulge with B/T should arise even if the B/T values are uncorrelated with the total absolute magnitude M T . The most straightforward test of this hypothesis is therefore to scramble the observed B/T values with respect to M T , using them to calculate a new M bulge and M disk for each galaxy. B/T bias is then the only source of correlations between M bulge and B/T and between M disk and B/T . We construct the Monte Carlo sample by associating random values of M T from the completeness-corrected galaxy luminosity function with values of B/T drawn from the noncompleteness-corrected B/T distribution of the sample. This ensures that the progenitor population is drawn from a realistic luminosity function, but that the B/T distribution of the Monte Carlo sample is the same as in the observed sample.
For each Monte Carlo sample (of several thousand), we then calculate LFs and Schechter functions for the bulge and disk components. We compare the trends of M * disk (α = −1) and Table 2 for the definition of the subsamples. For orientation, the Schechter fit for an intermediate subsample (0.4 ≤ B/T < 0.5) has been marked in each panel. The bright end of the disk LF shows little variation along the morphological sequence (with the exception of the disk LF of the earliest-type galaxies, which is significantly fainter). Over most of the morphological sequence, the correlations are more negative than expected, favoring bulge enhancement over disk fading as the process that may transform late-type into early-type galaxies. M * bulge (α = −1) with B/T that we recover from the Monte Carlo samples to the observed trends to decide whether B/T bias can account for the latter.
The shaded regions in Fig. 4 show the range of M * disk and M * bulge recovered from this null hypothesis in each B/T bin. Even from visual inspection, it is clear that the observed slopes are more negative than predicted by the B/T bias hypothesis.
(b) "Disk Fading": With this null hypothesis, we examine whether a disk fading mechanism, in combination with B/T bias, can reproduce the observed trends in M * disk and M * bulge with B/T . Under the Disk Fading null hypothesis, any galaxy with a B/T characteristic of early-type galaxies has been generated from a progenitor population of low-B/T galaxies by a reduction in the disk luminosity.
We incorporate the disk fading mechanism into the Monte Carlo catalog in the following way: we begin by scrambling all B/T values in the catalog with respect to M T , as we did for the "B/T Bias" hypothesis. Then, for each mock galaxy with B/T > 0.3, we calculate the amount of disk fading necessary to generate it from a progenitor with B/T = 0.3, and apply it to the disk and total luminosity of the galaxy. As we did for the "B/T bias" hypothesis, we then calculate M * disk and M * bulge again in each B/T bin. In the absence of any bias, this hypothesis would generate a positive correlation between M * disk and B/T (i.e., galaxies with larger B/T have fainter disks), while it would not introduce a correlation between M * bulge and B/T . Our choice of B/T ≈ 0.3 for the hypothetical progenitor population is a conservative one, because 1) 73% of spirals have B/T < 0.3, and 2) the peak of the spiral distribution is at B/T < 0.2, while the peak of the S0 distribution is at B/T ≈ 0.45. If the progenitors of today's cluster galaxies were high-redshift field galaxies, it is likely that they had even lower B/T values than today's population of cluster spirals.
(c) "Bulge Enhancement": Under this hypothesis, galaxies with high B/T are generated from low-B/T galaxies by an increase in the bulge luminosity. We construct the Monte Carlo samples for this hypothesis analogously to the "Disk Fading" hypothesis, except that, instead of fading the disks of our Monte Carlo sample members to adjust B/T , we increase the luminosity of the bulges.
Without B/T bias, this effect would lead us to expect a negative correlation between M * bulge and B/T , and no correlation between M * disk and B/T . The coordinate transformation from B/T to x ensures that the difference between the slopes of the relations does not depend on B/T , but it does not change the sense of the correlation. We perform the linear regression over a variety of ranges in B/T and compare models and observations separately for each of them. This allows us to test whether a given null hypothesis might still describe a viable transformation mechanism over a smaller range of morphologies (e.g., from spirals to S0s), even if it cannot explain the observed trends over the full range 0 ≤ B/T ≤ 1. We find the following results:
(1) None of our three null hypotheses alone, including B/T bias, can explain the observed M * (α = −1)-x correlations over the entire morphological sequence. The left panels of Fig.  5 show the observed slopes relative to the distribution expected from each of the three null hypotheses. Excluding the B/T < 0.2 subsample (which is not affected by the disk fading or bulge enhancement prescriptions anyway because it lies below the progenitor cutoff value of B/T = 0.3) does not alter this conclusion.
(2) The "B/T Bias" and "Disk Fading" hypotheses are clearly ruled out over the range 0.2 ≤ B/T < 0.7, which excludes the most extreme late-type spirals and early-type ellipticals. In contrast, the "Bulge Enhancement" hypothesis is in excellent agreement with the observed correlations. The right panels of Fig. 5 show the observed slopes over this range, compared to the expected distributions.
(3) If we tighten the range further to 0.2 ≤ B/T < 0.5, the "Disk Fading" hypothesis is still ruled out. This range of B/T covers the range between the peaks of the distribution of Enhancement" hypothesis, and negative for the "Disk Fading" hypothesis). This approach is mathematically equivalent to the one we pursue here. We choose our approach because disk fading and bulge enhancement act independently on disk and bulge luminosities, so it is more straightforward to use the correlations of these quantities, rather than total luminosity, with B/T to discriminate among the three null hypotheses. spirals and S0s, and thus provides the most specific constraints on the possible morphological transformation mechanisms affecting this sample. Thus, our Monte Carlo approach does more than account for B/T bias and establish the presence of a physical effect -it also demonstrates that even a very simplistic bulge enhancement model reproduces not only the sense, but also the magnitude of the observed M * disk -B/T and M * bulge -B/T relations over all B/T . We emphasize that our analysis does not assume that early types evolve from a progenitor population like the late types in our sample. We only assume that both early and late types evolved from the same progenitor population in the past, prior to any subsequent environmental transformations. Relaxing this assumption might make it possible to reproduce the observed M * disk -B/T and M * bulge -B/T relations via disk fading over a limited B/T range, but it is hard to imagine a model that would generate the observed correlations over all B/T .
Bulge-and Disk Luminosity as a Function of Environment
The results of the previous section suggest that the morphologies of cluster galaxies are differentiated by bulge enhancement, not by disk fading. Is the morphology-environment relation in clusters (Dressler 1980) thus due mostly to changes in bulge, instead of disk, luminosity? In other words, is there evidence that the bulges of galaxies grow more luminous towards the denser centers of clusters? If disk fading does occur as a galaxy falls through a cluster, we should also see differences in disk luminosity with projected radial distance from the cluster center.
We test whether the morphology-environment relation is due to bulge enhancement or disk fading by splitting the sample, in analogy to the analysis in §5.1, into six subsamples selected by projected radial distance from the cluster center. We then calculate M * bulge (α = −1) and M * disk (α = −1) for each subsample. To account for the fact that the six clusters in our sample have different intrinsic physical radii, we scale the radial distances by 800 km s −1 σ −1 , where σ is the line-of-sight cluster velocity dispersion. We refer to this scaled distance as R σ . This scaling is motivated by the fact that the size of virialized systems increases approximately as σ (Giradi et al. 1998) . The constant of 800 km s −1 is typical of rich clusters (Zabludoff, Huchra & Geller 1990) .
In this analysis, the uncertainties in the Schechter fits are typically larger than those found in §5.1, and the effect is too subtle to determine whether there is a significant correlation of M of the M * bulge -R σ and M * disk -R σ relations of ∂M * bulge /∂R σ = (0.31 ± 0.27) mag Mpc −1 and ∂M * disk /∂R σ = −0.02 ± 0.20 mag Mpc −1 .
Does a more sensitive test allow us to establish whether the M * bulge -R σ relation is significantly different from zero? We use a Spearman Rank Correlation test (Gibbons 1976) to examine correlations between the bulge luminosities of individual galaxies (with a total absolute magnitude M total ≤ −19.25) and the radial distance R σ . A rank correlation test is appropriate in this case, because the distributions of bulge and disk luminosities are nonlinear. In calculating the coefficients, we weight each data point by the weighting factor assigned to the galaxy by the DML solution. To additionally improve the significance of our conclusions, we exclude A1060, because of its small sampling radius (R σ ≈ 0.7 −1 Mpc), and analyze galaxies only within R σ = 1.8 −1 Mpc, the largest radius to which the other five clusters are fully sampled.
The rank correlation coefficient between bulge luminosity and projected radius for 937 galaxies is r M bulge ,Rσ = 0.16, which is significant at the 5σ level. The correlation is weak because, for any given radius, galaxies have a wide range of absolute magnitudes. The effect is nonetheless significant, implying that bulges are systematically brighter at smaller projected radii.
After performing a similar analysis on the disk luminosities, we find no correlation between disk luminosity and radius; the correlation coefficient is r M disk ,Rσ = −0.02, a deviation of only 0.5σ from zero. Does this result imply that the disk luminosities of individual galaxies remain constant as a function of radial distance? On its own, the fact that the correlation coefficient is close to zero does not permit such a conclusion, because effects at the bright and at the faint end of the disk luminosity function could cancel each other. For example, a simultaneous brightening of the brightest M disk and increase in the number of faint disks could conspire to keep the median disk luminosity constant. Likewise, the fact that M * disk itself does not vary significantly with radius could also be explained if disk galaxies (which are likely to dominate the bright end of the disk LF) lie far from the cluster center in threedimensional space and are only seen close to the core in projection. However, if we consider both observations together -that neither the characteristic bright-end disk magnitude nor the median disk luminosity of all galaxies with M R < −19.25 vary significantly as a function of projected radius -then we can conclude that radial distance has no significant effect on the luminosities of individual galaxy disks.
The observed correlation of M bulge with R σ , in which bulges are brighter closer to the projected cluster center, may at least partially explain the morphology-environment relation. This result is consistent with those in §5.1, and thus provides additional support for the hypothesis that the morphology-environment relation is affected by galaxy-galaxy inter-actions that enhance bulge luminosities, rather than by the disruption of star formation with subsequent passive evolution and fading of the disks.
CONCLUSIONS
Using a new survey of six clusters of galaxies (Christlein & Zabludoff 2003) , we constrain the mechanisms by which early-type galaxies may evolve from late-type galaxies in two ways: 1) by comparing the luminosities of bulges and disks as functions of overall galaxy morphology, as measured by the bulge fraction B/T , and 2) by comparing the trends of bulge and disk luminosity with radial distance from the cluster center.
Models that generate early type galaxies by fading the disks of late-type galaxies are ruled out for a wide range of morphologies. Specifically, the bulges of galaxies with B/T ≈ 0.45, typical of S0 galaxies, are significantly brighter than expected if disk fading were the primary mechanism transforming late-type into early-type galaxies. Bulge enhancement models, which increase B/T by increasing the luminosity of the bulge, are in excellent agreement with our observations over a wide range of B/T . This result is strengthened by our comparison of bulge and disk luminosities as a function of projected radial distance from the cluster center. There is a significant tendency for bulges to be brighter towards the cluster center, while galaxy disks have a similar luminosity regardless of their position within the cluster. This test reveals no evidence that clusterspecific processes reduce the luminosity of disks, and thus does not support disk fading mechanisms such as ram pressure stripping or strangulation as shapers of the morphological sequence in clusters. Instead, our results favor processes like galaxy-galaxy interactions and mergers, which can enhance galaxy bulges. Such processes are more efficient in lower-density environments such as poor groups of galaxies, which, when accreted hierarchically by clusters, may have played a major role in generating the morphological sequence that we observe in rich clusters today.
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